INSECT FOOD OF ADULT RED GROUSE Data in Appendix D of the grouse disease inquiry
Despite the large amount of data from many moors in Britain presented in Appendix D of the final report of the Committee of Inquiry on Grouse Disease (Lovat 1911) , only 262 cases are presented where the crop contents of adult grouse have been examined in detail. The number of these cases where insects are reported reaches nearly 90 (Table 1) but in almost all instances, no attempt was made to quantify the numbers of insects found. The results have been broken down into months of occurrence (Table 1) and it is evident that insects are only taken between May and October, with the highest proportions in September and October. This seasonal distribution of insects in grouse food agrees closely with the results of Eastman (1964) who also found insect remains only in faeces collected between May and October. As a consequence of the high rainfall and the low temperatures (annual average 5-0? C) the peat soils are almost permanently waterlogged. The area has an extensive cover of 'mixed moor' vegetation with Calluna, Eriophorum and Sphagnum as co-dominant species. Mineral soils occur only along the sides of streams or around the few areas of rocky outcrops. Where the peat is relatively shallow, small areas occur dominated by the moor rush (Juncus squarrosus L.). A more detailed description of the area which had a long history as a grouse moor prior to being taken over as a nature reserve in 1952, is given by Conway (1955) .
The first indication that insects may be a significant component of the food of fully grown grouse on this area was obtained on 12 October 1970, when a grouse was shot by the warden, Mr T. Hodgson. On examination, 495 adults of the rare cranefly Tipula gimmerthali Lackschewitz (Diptera, Tipulidae) were identified and a few small pieces of Vaccinium myrtillus L. and Calluna were also found. The insects represented an ingestion of 12 g live weight. In one day, the grouse had collected more specimens of this cranefly than the efforts of entomologists in this country over the whole of this century. It is evident that the grouse had been highly selective in obtaining this number of individuals both because of the virtual lack of plant material in the crop and because of the restricted habitat of this cranefly. At this time another tipulid, Tipula pagana Meigen, was much more abundant on the Reserve but it is restricted to mineral soils and none was found in the crop.
The possibility that adult grouse were feeding extensively on Tipulidae was examined in the spring and summer of 1974. Other studies in progress on the red grouse of this area precluded the collection of adults and the investigation was based on the examination of droppings by methods similar to those of Eastman (1964) . Fresh droppings were collected from walks over the moor through the territories of a large number of birds. Only two droppings were taken from each group of faeces and each of these was reduced to a length of 2-5 cm before examination. The proportion of items which was attributable to insects was calculated for each dropping. It soon became obvious that the adult grouse were consuming large numbers of tipulids. During May, the remains of adults of T. subnodicornis Zetterstedt were abundant in the droppings whilst at the end of the month and in early June, parts of the very small tipulid, Molophilus ater Meigen, were found. In a small number of cases (30) tipulid remains formed over half of the items in the droppings, whilst in the period from mid-May to the beginning of June, virtually every dropping (98%) contained pieces of adult tipulids (Table 2) . Only three animal fragments were found which were not from tipulids; these were parts of adult beetles. No larval or pupal remains were found. The most characteristic insect remains were the eggs of Tipula subnodicornis whilst fragments of the legs of the adults were frequently encountered. Other parts of the cranefly's body were in small pieces and no complete head, thorax, tergite or sternite was present. It was evident that considerable grinding had taken place in the gizzard and little was left undigested apart from small pieces of chitin. It seemed likely that smaller, more delicate insects would leave little in the way of identifiable remains in the droppings.
On ten occasions droppings were taken from sites where adults had been brooding young. This allowed a comparison of the parents' droppings, which are easily distin- In contrast to Moor House, Muggleswick Common has a lower rainfall and a much drier soil. Observations on the distribution of craneflies on this area made over a number of years indicate that there is a negligible population except on a few localized, wet areas where larvae of M. ater and Tipula subnodicornis can survive the dry conditions. These observations have been confirmed from random soil cores taken from Muggleswick Common which failed to produce Tipulidae larvae except for an occasional individual of Limnophila meigeni Verrall.
Despite the common factors of Calluna and red grouse at Moor House and Muggleswick, the soil structure and fauna are markedly different. This is reflected in the abundance of insects suitable as food for grouse.
The fauna of blanket bog in Britain has strong Arctic and sub-Arctic affinities. In the Arctic, the short summer restricts the period during which adult insects are active. The pattern is similar on high moorland and results in a marked spring emergence peak. Species that make use of the long summer and autumn in lowland Britain are almost entirely lacking on the blanket bog (Coulson & Whittaker 1975 
CHEMICAL COMPOSITION OF CRANEFLIES
The chemical composition of craneflies taken from the Moor House National Nature Reserve is shown in Table 3 . Compared with the composition of Calluna shoots (see also Table 8 in Moss 1969) the tipulids have appreciably higher concentrations of nitrogen and phosphorus. For example, Tipula subnodicornis has nine times more nitrogen, seven times more phosphorus, six times more sodium and nearly twice as much potassium, weight for weight, than Calluna shoots. The differences between Molophilus ater and Calluna, Moss (1967 Moss ( , 1969 Moss ( , 1972 has concluded that the health and breeding success of adult red grouse are dependent upon the nutrient content of their food and particularly that of Calluna. He showed that the availability of nitrogen and phosphorus is probably critical to successful breeding and to the subsequent survival of the young. When the levels of phosphorus and nitrogen in the Calluna are low, the grouse compensate by selecting those shoots which have above average levels of these chemicals. Insects are an excellent source of these nutrients. For example, Tipula subnodicornis contains nine times more nitrogen and over seven times more phosphorus than Calluna shoots and these chemicals are probably more readily available to the grouse from insects than from Calluna. During the second half of May 1974 insect remains formed 8% of all items found in the grouse droppings at Moor House. From the size and condition of the insect remains and what is known from differential digestion in other species, the actual weight for weight ingestion of insects to plant material is probably appreciably higher. Even taking the ingestion of Tipula subnodicornis at 8% of the total, this results in a 51o and 67% increase in phosphorus and nitrogen intake over an all-Calluna diet of the same weight. The failure of recent workers to find insects forming a significant part of the diet of the red grouse probably lies in the grouse being poorly adapted to catch insects and in the regional differences in abundance of suitable insect prey. Insects which have been reported as prey of grouse are typically slow-moving, soft bodied and occur in large numbers on the moors. Grouse cannot find many such insects on the low, dry Calluna moors, but on the wet blanket bog moors, at higher altitudes, grouse readily take suitable insects during the periods of their abundance.
Whilst the first emergence of tipulids usually coincides with egg laying in the red grouse, the peak of emergence comes after most clutches are completed. Consequently, tipulids are unlikely to be of importance in determining the quality of the eggs, but they could play an important part in the replacement of nutrients used in egg production and in the well-being of the adult grouse. It is evident from the work of Grimshaw (1911) that insects form an important part of the diet of the young and this study has also shown a high consumption of insects by the chicks.
Clearly, the nutrition of grouse varies considerably according to the type of moor on which Calluna is growing. If, as Moss (1969) believes, the change by grouse from Calluna to Vaccinium myrtillus in the spring is important because the latter has a slightly higher nitrogen and phosphorus content, then the utilization of insects by adult as well as by young grouse is likely to be of major importance and requires further investigation.
The observations presented here suggest another source of nitrogen and phosphorus for red grouse. Should the importance of these nutrients for grouse be established, then the management of poor moorland for certain insects might be desirable.
The survival and breeding success of red grouse varies considerably from year to year (Jenkins et al. 1963; Moss 1967) ; the abundance of moorland insects also varies considerably (e.g. Tipula subnodicornis in 1955 and 1956 at Moor House (Coulson 1962) ) and the possibility that, in some areas, there may be an inter-relationship between the two should be investigated.
